INTRODUCTION
Coastal ecosystems exhibit high variability in ecological parameters that are largely influenced by land use patterns and runoff, resulting in seasonal anomalies. The prevalence of a wide range of abiotic factors provides an array of habitats for opportunistic marine species that move between coastal and estuarine environments, thus providing enormous scope for increased diversity (Ansari et al. 1995; Venkataraman & Wafar 2005) . Among these areas, commercial fishing grounds are of great concern as they are subjected to indiscriminate removal of non-target species (Kumar & Deepthi 2006) as by-catch, including sea snakes. Sea snakes inhabit shallow estuarine waters and coral reefs throughout the Indo-Pacific region (Burns & Heatwole 1998; Heatwole 1999) . Sixty-two species have been recorded so far, and approximately 60% of these are known to inhabit Australian territorial waters (Heatwole 1999) . Indian waters are known to harbour about 25 species, with the report of 11 species from the Gulf of Mannar (Karthikeyan et al. 2008) and two along the West coast (Lobo et al. 2004) . Although sea snakes are commercially exploited for various applications in the Philippines, Australia, Japan, Taiwan and Thailand (Rasmussen 2001) , in other coastal areas they are considered nuisance species.
Sea snakes show seasonal movement between inshore and offshore waters either in search of food or for bearing young (Shuntov 1971; Wassenberg et al. 1994) . Fry et al. (2001) suggested that the females of most species appear to be gravid in the summer, and presumably bear young towards the end of this period in Australian waters.
Sea snakes form an important constituent in the marine environment as they occupy a high position in the food web, feeding upon various finfish and invertebrate species (Glodek & Voris 1982; Heatwole 1999) . In addition, sea snakes interact with other marine organisms through symbiotic interactions. For example, sea snakes are reported to be fouled by barnacles (Reynolds & Pickwell 1984) and other marine organisms (Dunson 1975; Zann et al. 1975 ). The present paper addresses the taxonomic composition of the assemblage of true sea snake species, seasonal variations in trawl catches and certain biological attributes such as feeding habits, reproduction and symbiotic associations, based on observations made using commercial trawlers along the fishing grounds of Goa.
MATERIALS AND METHODS
Study area: The coastal waters of Goa are flanked by six estuaries, the Mandovi-Zuari estuarine complex (15  0 25-15  0 31N & 73   0 45-73 0 59E, Fig. 1 ) being the most prominent ecosystem in terms of productivity and species diversity, possibly due to regular tidal inundation (pers. obs.) in spite of the influence of anthropogenic input. During the South-west monsoon, fresh water influx becomes a major factor that controls the hydrodynamics of this estuarine complex, whereas tides play an important role during other periods. The bathymetry of this estuarine complex indicates silt, clay and detritus transported by riverine influx from the upper reaches where mangrove vegetation occurs in high density, making for a highly productive detritus-based food chain (Kulkarni et al. 2003) with highly diversified biota. The study area encompasses the fishing grounds < 20m depth that are subjected to increasing levels of exploitation by commercial trawl operations.
Sampling strategy: During the study period (February 2006 to February 2008) a total of 70 trawl operations (110 h fishing effort) were undertaken onboard commercial trawlers in the estuarine and inshore waters of Goa, west coast of India ( Fig. 1 ) to assess the diversity and total community structure of the demersal fauna. Twenty trawl operations were once a month (during January to April 2006 , October 2006 , and January 2008 (Goa, Daman and Diu Marine Fishing Regulation Rules 1982) . Voucher specimens were stored in 5% formalin solution in transparent plastic bottles. These are deposited at the Marine Biology laboratory, Department of Marine Sciences, Goa University.
Species identification: At the laboratory, specimens were preserved using 6-8 % formalin solution and identified up to the species level by employing orthodox taxonomic methods such as morphometric and meristic characters aided by an identification key (Rasmussen 2001 ). Subsequently, snout-vent length and tail length (in centimetres) of each specimen were measured using measuring tape and total weight (in grams) was measured using an electronic balance (Sartorius -CP225D).
Gut content analysis and data compilation: In order to analyze dietary items of sea snakes, the specimens were first dissected to expose the gut, then the gut was divided into three parts (foregut, midgut and hindgut) and the status of food items (undigested, semi-digested or completely digested) examined. Food contents were subjected to quantitative assessment using a wet gravimetric method (Hyslop 1980) . Undigested prey was identified to species level. The data collected on sea snakes and the trawl catch composition during the study period (except monsoon) was used to describe seasonal variations. These data were assessed in terms of the number per trawl and later expressed as a percentage contribution. In addition, demersal fishes occurring in the trawl catch and those found in the gut of sea snakes were identified to species level using identification keys (Fischer & Whitehead 1974) . The monthly data collected on sea snakes and their prey items composition within the catch was collated to respective seasons and plotted graphically.
Analysis of reproduction: In order to have an insight into
Image 2. Lapemis curtus with distinguishing character (inset) reproductive behaviour, the sex of each specimen was determined based on anatomical features (hemipenes in males and ovaries in females). In the case of gravid females, uterine tubes containing ova were separated from the viscera and the diameter (cm) and weight (g) of each ovum measured using vernier callipers and an electronic balance, respectively. Symbiotic associations: Each sea snake was observed for the presence of barnacles. These were detached from skin of the specimen using forceps, and identified to species level using the identification key provided by Fernando (2006) .
RESULTS AND DISCUSSION
Species composition, abundance and seasonal trends of sea snakes
True sea snakes (Hydrophiidae) form an important component of the coastal habitats of tropical and sub-tropical marine environments. These marine reptiles are known to occur in large numbers in the Indo-Pacific region (Heatwole 1999; Karthikeyan et al. 2008 ). However, published reports (Lobo et al. 2004) indicate that the species diversity among these groups decreases progressively towards the west. In the present study, sea snake samples contained only females of two species (Table  1) , namely Enhydrina schistosa (Image 1) and Lapemis curtus (Image 2). The present observations suggest that the collected individuals (all females) were mainly involved in inshore estuarine migrations. Voris et al. (1978) indicated that estuaries serve as a nursery and that adults enter estuaries to bear young. Lobo et al. (2004) reported the occurrence of these two species along the Goan coast, however, no attempt was made to provide information on the systematics of these species. They further suggested that sex ratios of both the species were highly biased towards females, whereas Voris & Jayne (1979) and Lemen & Voris (1981) reported seasonal fluctuations in the sex ratio of sea snakes from Malaysia and suggested that this could be a function of sexual differences in habitat selection and their activity.
The present observations were made over 17 months with 110h fishing effort, and revealed only 43 individuals (all females), thus indicating sparse occurrence (< 1 % in terms of numbers per trawl) of these species in the coastal fishing grounds (Table 2 ). Such observations also indicate that sea snakes are subsidiary and non-target organisms occurring in the trawl catches (pers. obs.). Further, occurrence of these species in low numbers in the trawl catch could be attributed to several factors such as low reproductive rate (Voris & Jayne 1979; Lemen & Voris 1981; Heatwole 1997) , high rate of infertility (Lemen & Voris 1981) , high mortality rate up to 45.8% among neonates and survival rates as low as 6% among potentially reproducing females (Voris & Jayne 1979) . Moreover, factors such as restricted spatial distribution in estuaries and shallow coastal reefs (Rasmussen 2001) due to water circulation and abundance of prey (Shuntov 1971) , high level of targeted fishing as well as growing incidents of their incidental capture in prawn fishing grounds (Wassenberg et al. 1994 ) might also augment to their occurrence in low numbers. Among the sea snakes caught during the present study, E. schistosa (> 65%) dominated the trawl catch as compared to L. curtus (< 35%). However, Tu (1974) and Wassenberg et al. (1994) reported that L. hardwickii (L. curtus) contributes to about 81-88% and 53% of all the sea snakes caught in the coastal waters of Thailand and Gulf of Carpentaria, Australia, respectively.
The numerical data collected during trawl fishing was grouped under four major categories (teleosts, crustaceans, molluscs and sea snakes) indicating maximum (~ 63%) contribution from crustaceans, followed by teleosts (~ 35%), whereas molluscs and sea snakes contribute much less (~ 1%) each. The seasonal variations in the percentage of sea snakes in the trawl catches reveal that the contribution of sea snakes increased from December to February (post-monsoon; Table  3 ). This can be largely attributed to the commencement of fishing at the end of the monsoon ban and subsequent increase in number of fishing boats due to calm conditions in the sea along the Goan coast (pers. obs.). Another possible reason could be the migration of females to the inshore estuarine waters as only female individuals were captured during the present study. These include a fully gravid E. schistosa female captured from the estuarine waters at a depth of about 5-8 m. Ansari et al. (1995 Ansari et al. ( , 2003 suggest that this estuarine complex with mangrove vegetation acts as a potential nursery ground for opportunistic marine species that migrate there either for spawning or for feeding purpose. Voris (1985) reported feeding of E. schistosa juveniles on young ariid catfish in Muar Estuary, Malaysia although they were found to be absent offshore, suggesting shoreward migration. Shuntov (1971) indicated that sea snakes were widely dispersed during winter and were concentrated along the estuarine regions only during spring and attributed this to seasonal changes in water currents and to abundance of fish.
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Sea catfishes
Dietary composition and trophic level of sea snakes
The qualitative analysis of gut contents of sea snakes (N = 41) revealed an empty foregut in all specimens. However, the mid guts of larger individuals contained undigested (~ 25%) to semi-digested prey (~ 75%), whereas those of smaller individuals contained completely digested food. In addition, the hindgut of all specimens was observed to contain completely digested food.
Identification of the dietary components of sea snakes revealed two partially digested prey items namely, Arius jella (Family Ariidae) and Thryssa dussumieri (Family Engraulidae) from the mid gut of E. schistosa. Published literature on diet composition of E. schistosa (Voris et al. 1978; Voris & Voris 1983) suggests that it prefers to prey upon catfish. Further, Voris et al. (1978) indicated that in addition to ariid catfish, the species also preyed upon plotosid catfish and puffers. They also suggested that factors including innate preferences, individual habits and availability of prey determined the selection of dietary items (prey) by sea snakes. However, experimental data on sea snake feeding habits (Voris et al. 1978 ) indicate a wide range of food items in the gut probably attributed only to prey availability. However, gut contents of L. curtus revealed an unidentified clupeiform fish in a semidigested state. Glodek & Voris (1982) and Lobo et al. (2005) indicate that L. curtus is a generalist feeder known to prey upon more than eight different fish families from different depths.
Further, comparison of the seasonal trends of capture of sea snakes in trawl catches (Table 3) with those of the prey organisms in the trawl catches revealed an inverse relationship with prey organisms such as catfishes (Family Ariidae), anchovies (Family Engraulidae), and clupeids (Family Clupeidae), therefore suggesting that high numbers of sea snakes had a marked effect on these groups (Fig. 2) . Such observations highlight the importance of these groups as food items of the sea snakes. Voris et al. (1978) and Lobo et al. (2005) also indicated dominance of these items in the gut content of sea snakes. On the other hand, seasonal trends in number of sea snakes did not exhibit any particular relationship with those of other prey organisms such as portunid crabs and penaeid prawns (Fig. 2) , indicating less dependence on these species as prey items.
In an attempt to focus on the niche level of sea snakes in the bentho-pelagic environment, the data collected on the sea snakes and the gut contents were carefully analyzed and presented in the form of a flow chart (Fig. 3) to hypothetically assess the trophic position of sea snakes by using a trophic scale (Pauly et al. 1998 ) that represents the primary constituents of the marine food web that interact among themselves through complex preypredator relationships. In this exercise it was assumed that about 90% of the energy is lost during the transfer from one trophic level to the next higher one (Odum 1959; Kozlovsky 1968) , with exception of certain groups like sardines and anchovies that are involved in complex interactions at different trophic levels. In such cases, the energy values were derived by obtaining means of the above constituents involved in distinct food chains. The occurrence of sea snakes in the benthopelagic habitat coupled with their carnivorous feeding habit indicates that they act as top predators in the community, feeding mainly on nektonic populations. Voris (1972) suggested that sea snakes use a wide range of food types and opined that the data collected on the diet of sea snakes could be used to construct a qualitative picture of the possible role of sea snakes in trophic dynamics.
Spawning
Our observations on the spawning of sea snakes were primarily based on dissection of individuals (N = 41) to expose their reproductive systems. Among the dissected individuals one E. schitosa female, captured from the estuarine waters at 5-8 m depth, contained 19 eggs (11 in the right and eight in the left uterine tube) (Image 3). The means and standard deviation for diameter and weight (N = 19) of her ova were found to be 4.20±0.05 cm and 14.09±1.00 g, respectively. Voris and Jayne (1979) stated that sea snakes give birth to offspring during the post-monsoon season in the inshore waters of Malaysia and further suggested that clutch size increases with the size of the female and can reach thirty or more. However, Karthikeyan et al. (2008) reported a maximum of three to five clutches in Hydrophis cyanocintus females and opined that clutch size increases with the size of the females in this species.
Symbiotic associations
Sea snakes (N = 5) were associated with barnacles (Image 4a), a constituent of inter-tidal rocky zones and which have a cementing gland for attachment. In the present study, these individuals were found to be attached to the surface of the sea snakes. These barnacles were identified as Octolasmis grayii (Image 4b). This is the first report of such an association among sea snakes and barnacles from the tropical inshore waters of Goa. Although, Jeffries & Voris (1996) remarked that different types of symbiotic associations prevail among marine organisms, there are no specific studies that elucidate the nature of this association. The present observations suggest that it could be parasitic, as the stalked barnacle (Octolasmis grayii), attach to these reptiles following shedding of the skin, primarily on large-sized individuals and they get detached before subsequent shedding of the skin. The observations made in the present study emphasize the need for further investigations of the mode of attachment and the nature of interactions.
Why study sea snake ecology?
The data obtained in the present study indicate that approximately two snakes are incidentally trapped per trawl haul. Although, this figure appears to be small, if one computes the cumulative effect of such undesirable removal ever since the mechanization of fishing craft and trawling gear along the Goan coast since 1963, it appears that such action can create significant changes in the benthic coastal environment. In India, sea snakes are protected under Section IV of the Wildlife (Protection) Act, 1972. However, prevention and control of unintentional trapping of sea snakes by legislation and its subsequent implementation is a difficult task owing to the lack of appropriate infrastructure and monitoring mechanisms along such an extensive coastline. Further, there is a dearth of management strategies such as use of exclusion devices to avoid entry of sea snakes in the trawl net. In light of the above, the present study attempts to elucidate the ecological significance of these organisms in the coastal marine environment and recommends strict enforcement of legislation and adoption of appropriate management practices to avoid removal of sea snakes.
Review of sea snake ecology from the Indian waters reveals that available information is poor and scanty. Therefore, a holistic approach to investigate the ecology of sea snakes may be a useful tool to bring about improved understanding and enable development of effective conservation and management plans.
